a-Glucan phosphorylases are of key importance among the enzymes controlling the entry of storage polysaccharides into the glycolytic pathway in microbes, animals, and plants. The enzymes catalyze the reversible phosphorolysis of cu-l,4-glucosidic linkages in glucan substrates. Among SP from higher plants, those from potato are best studied. They are classified into L and H types depending on their low and high affinities toward branched glucans, respectively (Nakano et al., 1989). The L type is larger than the H type in having a 78-amino acid residue insertion at the central position, causing the molecule to show a low homology toward phosphorylases from other sources (Nakano and Fukui, 1986; Nakano et al., 1989; Lin et al., 1991; Mori et al., 1991). The presence of the extra peptide was suggested to affect the substrate affinity (Nakano and Fukui, 1986), and this was proven to be true by a protein engineering approach (Mori et al., 1993).
starch synthesis pathway. Gel electrophoresis analysis of sweet potato SP always gave multiple bands, which indicated the presence of subunits with different proteolytic susceptibility at the midchain 78-residue segment. Determination of amino acid sequence was hindered by blocking of the N terminus and the difficulty of obtaining intact pure peptide. We have cloned and sequenced a cDNA encoding this L-type isozyme (Lin et al., 1991) . The cDNA encodes a 955-residue polypeptide that has 81 % homology toward the L-type potato enzyme (916 residues plus a 50-residue putative transit peptide). Higher divergence of the two enzymes was found in about 70 residues of the N termini, including a putative transit peptide, and in the midchain 78-residue insert. Very high similarity between the potato 'The major support for this study was provided from the National Science Council through the grant NSC 83-0418-B-036-004-A06. We appreciate that part of the support provided by the Tatung Company. and sweet potato L-type SP proteins has motivated us to elucidate the gene structure of sweet potato L-type SP so as to enable us to make a comparison with that of the already known potato counterpart (Camirand et al., 1990) . We report here the structural features of the SP gene from sweet potato (Table I ) and structural comparisons of the sweet potato gene with one from potato.
Positive clones were characterized and it was determined that they were derived from the L-type SP gene. The total sequence is 7810 bp long. Structural alignment showed perfect agreement between the cDNA sequence and the open reading frame constructed from 15 exons. The coding sequence begins in the first and ends in the last exon, comprising 2865 bp.
Primer extension experiments have shown that the 5' untranslated region of the isolated DNA is 167 bp long. The intron-exon junction sequences obey the GT-AG rule (Mount, 1982) . The 5' and 3' splice regions are similar to those found in the potato SP gene (Camirand et al., 1990) . The positions of introns along the amino acid sequence in sweet potato and potato are almost identical. The splice types that are determined by the intron position in the triplet codons of the sweet potato and potato SP genes are almost the same and are of type O. The intron lengths of the sweet potato are usually shorter than those of the potato, and the homology between their introns is low. In particular, the 318-bp-long fifth intron of the sweet potato gene is different from that of the potato gene in that the latter contains a copia-like transposable element.
Although the SP enzymes showed a high overall homology between sweet potato and potato, there is higher divergence within the midchain 78-residue segment. This may be explained according to the structures of the flanking sequences as follows. The segment might have suffered from an incorrect cleavage at the right border (AGI of the seventh intron in the putative ancestral gene by selection of a new AG site inside the intron, thus transforming a part of the intron into a new coding region (Camirand et al., 1990) . It also has been proposed that the 78-residue midchain segment in the potato SP protein has arisen from incorrect mRNA splicing at an intron-exon junction site (Nakano and Fukui, 1986 Catalyze the reversible phosphorolysis of terminal Glc residues at the nonreducing end of a-1,4 glucan chains. Source:
Genomic libraries were constructed in hgtl O and pGEM7Zf(+) using chromosomal DNA from sweet potato tuberous root.
Positive clones were screened with cDNA fragments (Lin et al., 1991 ) . Restriction mapping revealed that two positive clones (Aspl2, Aspl4) cover the whole SP gene, except for the last 0.6-kb cDNA fragment. The last 0.6 kb of the DNA were amplified using genomic DNA as template by the PCR technique. The products were ligated with pGEM7Zf(+) and transformed into Escherichia coli JM109. Three positive clones (T-A, U-A, and V-1) were obtained by using the 0.6-kb cDNA probe. They were more than enough to encompass the missing sequence.
Isolation:
Method of Identification: Sequence comparison of the gene with its cDNA and with the potato SP gene (Camirand et al., 1990 ). Sequencing Methods:
Restriction fragments were subcloned in pGEM7Zf(+) and nested sets of deletion were created using Promega kits. Appropriate primers were synthesized to sequence both strands by the dideoxy technique using Sequenase (United States B iochem ical). Determination of the Transcription lnitiation Site:
A 25-mer oligonucleotide complementary to a 5' region of the SP gene was synthesized and labeled with 32P using T4 polynucleotide kinase. The radioactive oligonucleotide was annealed to poly(A)+ RNA (Lin et al., 1993) and extension was conducted by use of a kit (Promega). The product was run on a polyacrylamide sequencing gel alongside a complete dideoxy sequencing reaction primed on a genomic clone with the same oligonucleotide. Features of the Gene Structure:
The L-type starch phosphorylase gene is split into 15 exons (357, 21 8, 102, 177, 276, 272, 11 8, 41 4, 153, 129, 237, 77, 187, 201 , and 405 bp) and 14 introns (442, 83, 182, 251, 318, 538, 90, 139, 136, 110, 186, 288, 198 , and 169 bp) spread out in 781 O bp of chromosomal DNA, with the coding sequence beginning in the 1 st and ending in the 15th exon. We find the CAAT and TATA boxes at -185 and -128 bases upstream from the transcriptional start site, respectively. There are two GC-rich regions at about 30 and 50 bp upstream from the CAAT box.
